The complete nucleotide sequence of pSR1, a 3 kb multicopy cryptic plasmid from Curynebacterium ghtamicum ATCC 19223 has been determined. pSRl is unrelated to the 4.4 kb Brevibacterium lactofermenturn plasmid pBLl and shows no DNA sequence conservation with plasmids from Staphylococcus. Transposon insertion and deletion mutants located the minimal replicon to within a 2.1 kb NcoI-BclI restriction fragment. This region contains a single large open rea4ng frame, ORF2, flanked at the 5' end by a series of inverted repeat sequences which may modulate its expression, and at the 3 end by a region which may contain a replication origin. ORF2 (position 163S2636) with a maximum coding potential of 36 kDa is essential for pSRl replication and was designated the rep gene. The predicted ORF2 protein product exhibits 47% identity over a length of 343 amino acids with a replication-associated O W in the C. diphtheriae plasmid pNG2, many of the changes being in the third base position. This observation suggests that pSRl and pNG2, which are two plasmids from environmentally separated Corynebacterium species, may share a common ancestral rep gene.
Introduction
Corynebacterium glutamicum is a non-pathogenic, Grampositive soil bacterium which is also an important industrial organism used in the production of amino acids and nucleotides (Yamada et al., 1972) . Genetic investigation in amino acid-producing coryneform bacteria was initiated in several laboratories using DNA transformation and plasmid cloning vectors based on indigenous Corynebacterium plasmids (reviewed in Martin et al., 1987) . Two naturally occurring plasmids have been used successfully to construct cloning vectors ; the 4.4 kb Brevibacterium lactofermenturn plasmid pBL 1 Santamaria et al., 1985) and the 3.0 kb plasmid pSRl from C. glutamicum (Yoshihama et al., 1985) . Both are multicopy, cryptic plasmids which were isolated from amino acid-producing coryneform bacteria. The nucleotide sequence of pBLl [which is identical to pAM300 (Yamaguchi et al., 1986) and pGX1901 (Fipula et al., 1386) ] has been determined. On the basis of restriction map data, pSRl is probably equivalent to plasmids pHM1519 (Miwa et al., 1984) , pCG1 (Ozaki et al., 1984) and pCGlOO (Trautwetter & Blanco, 1991) which were isolated from closely derived C. glutamicum strains.
Here, we report the complete nucleotide sequence of pSRl and the location of its minimal replicon. DNA sequence analysis indicates that pSRl is unrelated to pBL1. The minimal replicon contains a large open reading frame (ORF), designated rep, which is essential for replication and exhibits significant protein sequence homology to the replication-associated ORF of pNG2, an erythromycin resistance plasmid from C. diphtheriae (Messerotti et al., 1990; Regier et al., 1991; SerwoldDavis & Groman, 1986) . This suggests that genetic exchange has occurred between these Corynebacteriurn species.
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Methods
Bacteria, plasmids and phage. C. glutamicum AS019 (Yoshihama et al., 1985) is a rifampicin-resistant, plasmid-free, prototrophic derivative of C. gZutamicum ATCC 19223 Fig. 1 . Construction of pUR1, pJAlOl and pJA202. pSRl (=) was linearized at the BclI site and ligated into the BamHI polylinker site of the E. coli vector pUC8 (0) (Vieira & Messing, 1982) to form the 5.7 kb shuttle plasmid pUR1. The orientation of pSRl within pURl is such that transcription from the E. coli lac2 promoter is in the same direction as ORFl and ORF2/rep. pJAlOl (11.4 kb) is a pURl: :Tn5 mutant with Tn5 (m) inserted into the pUC8-encoded lacZ region of pUR1. It encodes ampicillin and kanamycin resistance in E. coli and kanamycin resistance in C. glutamicum. pJA202 (7.9 kb) was constructed by insertion into pURl of the Tn5 kanamycin resistance gene (m) and its ISSOL-encoded promoter as a 2.199kb XhoI-SalI restriction fragment. pJA202 encodes ampicillin and kanamycin resistance in E. coli and kanamycin resistance in C. glutamicum. (Yanisch-Perron et al., 1985) , was used as a host for routine genetic manipulation of pURl and pJA202. E. coli CSH26 [F-aruA(lac-pro)thA (Miller, 1972) was used as host for Tn5 mutagenesis of pURl (de Bruijn & Lupski, 1984) . M13mp18 and M13mp19 DNA sequence template DNAs were prepared from E. coli JMlOl (F"traD36 laclqA(lacZ)M15 proAB] supE thi A(lac-proAB)) (Yanisch-Perron et al., 1985) .
Plasmid pSRl was isolated from C. glutamicum ATCC 19223 (Yoshihama et al., 1985) . pURl (this work) was constructed by fusion of pSRl and pUC8 (Vieira & Messing, 1982) as shown in Fig. 1 . It expresses ampicillin resistance in E. coli. Plasmid pJAlOl (this work) carries a copy of Tn5 within the lac2 moiety of pUC8 within pURl (Fig. 1) . pJAlOl can replicate in E. coli and C . glutamicum expressing ampicillin and kanamycin resistance, and kanamycin resistance in each host, respectively. Plasmid pJA202 (this work) was constructed by insertion of the 2.199 kb XhoI-SalI fragment of Tn5 encoding the kanamycin resistance gene and promoter into the SalI site within the pUC8 polylinker of pURl as shown in Fig. 1 . It can replicate in both E. coli and C. glutamicum where it encodes resistance to ampicillin and kanamycin, and lianamycin, respectively. The location of transposon Tn5 insertion mutants of pURl and deletion derivatives of pJA202 are shown in Fig. 2 . E. coli bacteriophages M13mp18 and M13mp19 (Yanisch-Perron et al., 1985) were used to clone segments of the pSRl genome for DNA sequence analysis. Tn5 mutagenesis (de Bruijn & Lupski, 1984) was performed using A467 (1b221 rex: :Tn5 ,I8" Oam29 Pam80).
Growth conditions. E. coli and C . gluramicum were cultured in L broth (Miller, 1972) at 37 and 30 "C, respectively. E. coli transformants were grown on L agar supplemented with ampicillin (100 pg d -l ) or kanamycin (50 pg ml-l) as appropriate. C. glutamicum transformants were recovered on L agar containing 93 g sorbitol I-' (Yoshihama et al., 1985) supplemented with kanamycin (15 pg ml-'). C. glutamicum containing pSRl constructs were routinely cultured in L broth and agar containing kanamycin (50 pg I&').
DNA manipulation. E. coli plasmid DNA and M13mp18 and M13mp19 replicative forms were prepared by alkaline lysis as described in Sambrook et al. (1989) . M13mp18 and M13mp19 template DNAs were prepared according to Berger & Kimmel (1987) . C. glutamicum plasmid DNA was isolated as described previously (Yoshihama et al., 1985) . Restriction endonucleases, DNA modifying enzymes and buffers were obtained from New England Biolabs and BRL. The pSRl genome was sequenced by dideoxy chain termination method (Sanger et al., 1977) using [LX-~~S]~ATP supplied by Amersham. DNA sequence reaction products were resolved on 6 % denaturing polyacrylamide gels.
Transposon mutagenesis. Tn5 was introduced into E. coli CSH26 containing plasmid pURl by adsorption of 1467. To isolate pURl : : Tn5 insertions, supercoiled plasmid DNA was prepared from the phage-infected cells and use to transform (at low DNA concentration to avoid co-transformation events) competent CSH26 cells selecting for ampicillin and kanamycin resistance. Subsequently, plasmid DNA was prepared and the site of the Tn5 insertion was mapped. The replication of pURl : : Tn5 transposon mutants in which Tn5 had integrated within the pSRl sequences was tested by transformation of C. glutamicum AS019. pJAlOl (a Tn5 insertion into the lac region of pUR1) was used as a positive control. To check for the fidelity of pURl : : Tn5 kanamycin-resistant transformants, plasmid DNA was isolated from C. glutamicum transformants and their structure checked by restriction analysis.
Construction of deletion mutants. pJA2021 (ABclI-FspI) and pJA2022 (ABclI-NcoI) were constructed from a common substrate of pJA202 linearized by digestion with SmaI. The deleted sequences were removed by digestion with FspI and NcoI, respectively. The NcoI restriction was further treated with T4 polymerase to produce blunt ends. pJA2023 (ASacI-Sad) and pJA2024 (ABcEI-EcoRI) were constructed directly by digestion of pJA202 with EcoRI and Sad, respectively. pJA2025 (ANaeI-SphI) and pJA2026 (ASphlI-Aj7II) were derived from the common substrate pJA202 linearized at the unique SphI site by digestion with NaeI and AJEII, respectively, followed by treatment with T4 DNA polymerase to produce blunt ends. In all pJA202 deletion experiments, the deletion product molecules were gelpurified, self-ligated with T4 DNA ligase and recovered by transformation of E. coli JM83 to ampicillin and kanamycin resistance.
Computer analysis of pSRl sequence data. DNA sequence data was assembled using the Staden DBAUTO package. Routine sequence analysis and manipulation was made using the GCG programs. Fig. 2 . Mapping of the pSRl replication regions using Tn5 and deletion mutagenesis. The organization of major ORFs and restriction sites derived from the pSRl sequence data is presented on the top line. The site of Tn.5 integration in the pURl derivatives pJAl12, pJA104 and pJA107 carrying Tn5 inserted into the 267 bp HindIII, the 396 bp TaqI and 496 bp TaqI restriction fragments, respectively, are indicated above each line. The position of the minimal replicon restriction fragment is shown at the top of the figure. The right column describes the replication ability of each construct in C. glutamicum AS019 (+ or -). Restriction enzyme recognition sites flanking the pSRl sequences in the pUC8 polylinker are shown.
the pSRl ORFl and ORF2 translations was analysed using the FASTA program to search the EMBL database.
Results
The DNA sequence of pSRI
The complete pSRl genome is presented in Fig. 3 . The DNA sequence is numbered from the unique BclI site. The location of DNA features, inverted (IR) and directly (DR) repeated sequences and restriction enzyme sites mentioned in the text are indicated in Fig. 3 
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Location of the minimal replicon
To define the minimal pSRl replicon, a series of Tn5 insertion mutants within pSRl were prepared. pURl was used as a target for Tn5 mutagenesis in E. coli. It has been demonstrated previously that insertion into the pSRl BclI site does not prevent plasmid replication in C. glutamicum (Yoshihama et al., 1985) . Tn5 showed preferential insertion into three regions of pSRl (Fig. 2) . Representatives of each class, pJAll2, pJA104 and pJAlO7, containing insertions into the 267 bp HindIII, the 396 bp TaqI and 496 bp TaqI restriction fragments of pSR1, respectively, were used to map pSRl replication regions. Replication function was tested by transformation of C. glutamicum ASO19, selecting for kanamycin resistance. pJAl01 (a Tn5 insertion into the lac region of pUR1) was used as a positive control. The structures of pURl : : Tn5 insertion mutants and their replication proficiency in C. glutamicum are summarized in Fig. 2 . These results show that the integrity of the 267 bp HindIII and 396 bp TaqI fragments, but not the 496 bp TaqI fragment, is essential for replication. The 396 bp TaqI fragment is located within ORF2 and the 496 bp TaqI fragment contains part of ORF1. These data imply that ORF2 is involved in pSRl replication. As there is no predicted gene associated with the 267 bp HindIII fragment, we postulate that this region may encode a non-translated replication function.
To investigate the function of ORF1, ORF2 and the repeated sequences located between them, a series of deletions were made in pJA202. The pJA202 deletion derivatives are shown in Fig. 2 . Each plasmid was tested for replication proficiency by transformation of C. glutamicum AS019. pJA202 was used as a positive control for pSRl replication. Both pJA202 and the BclI-FspI deletion pJA2021 were able to replicate efficiently in C. glutamicum. Thus, one copy of the direct repeat DR1, the 20 bp inverted repeat IR1 and the A + T rich sequences in this region are not essential for plasmid replication. pJA2022 (in which the BclI-NcoI region is deleted), although replication proficient, exhibited a lower plasmid copy number (data not shown). This suggests that deletion of the 547 bp sequence located between the FspI and NcoI restriction may depress the expression of a positively acting replication factor. Plasmid pJA2023 with the Sad-Sac1 deletion was unable to replicate which implies that essential replication function(s) are located in the 369 bp NcoI-Sac1 region. These data suggest that at least some of the inverted repeat sequences (IR2, IR3 and IR4) are involved in replication. To investigate the function of ORF2, deletions between NaeI and SphI, and SphI and AflII (pJA2025 and pJA2026, respectively) were constructed. Their inability to replicate in C. glutamicum indicates that this region contains an essential replication function.
0-2 is conserved in other coryneform plasmids
To further investigate ORF2, we looked for protein sequence conservation with other proteins. No match was seen between the pSRl ORF2 translation product and the replication proteins of the S. aureus plasmids pC194, pT48 and pT181 (Catchpole et al., 1988; Horinouchi & Weisblum, 1982; Khan & Novick, 1983 ). Significant protein sequence similarity was found, however, between pSRl ORF2 translation product and that of an ORF from an autonomously replicating region of the C. diphtheriae erythromycin resistance plasmid pNG2 aligned in Fig. 4 starting from the first initiation codon common to both ORFs (GTG1638 in pSR1, GTG,,, in pNG2 and pCGlOO (Trautwetter & Blanco, 1991) from ATCC 13058, and pCG1 (Ozaki et al., 1984) from the closely-related C. glutamicum ATCC 3 1808. This is supported in particular by the identical restriction maps and genetic organization in plasmids pSRl and pCG100 (Archer et id., 1989; Trautwetter & Blawo, 1991) . The pSRl genome does not possess significant DNA sequence conservation with the 4.4 kb B. lactofermenturn plasmid pBL 1 (Fipula et al., 1986; Yamaguchi et al., 1986) . Therefore, we conclude that there are at least two different small, multicopy plasmids in amino acid-producing Corynebacterium sp. Similarly, in the absence of convincing DNA and protein sequence conservation between pSRl and S. aureus plasmids pT181, pC194 and pT48, we conclude that pSR 1 has a completely independent evolutionary origin. Conclusions drawn from the analysis of the pUR1: : Tn5 insertion mutants and the pJA202 deletion mutants were consistent and defined the minimal replicon to within the 2 1 kb region flanked by the NcoI and BclI sites. The rep ORF is contained completely within the minimal replicon. There is evidence that the pSRl minimal replicon is smaller than 2 kb; the 219 bp BgtII-BcZI region is not required for pSRl replication (M. T. Follettie, personal communication) which is supported by a similar observation in pCG100 (Trautwetter & Blanco, 1991) . This is in agreement with the proposal of a regulatory site or function located within the 267 bp Hind111 fragment. Although deletions of ORF1 are replication proficient, removal of any part of the ORF2 coding sequence prevents replication in C. glutamicum. This supports the contention that pSRl ORF2 has a replication (rep) function. In this respect, it is noteworthy that the deletion of sequences upstream of rep (pJA2022) which partially removes some of the inverted repeat sequences, induces a drop in copy number. The analogous NcoI-EcoRI region of pCG1000 exerted incompatibility against other pCG1000 constructs (Trautwetter & Blanco, 1991) which impliex it may be involved in control of plasmid copy number or is a binding site for a trans-acting replication protein (Highlander & Novick, 1990 ). Two regions of pSRl which exhibited a high 50-60 mol % A + T are located between coordinates 190-550 and 2460-2700, respectively. These coincide with copy number control/incompatibility determinants in pSRl/pCG100 and the location of oriV in pCG1000, respectively. This organization of a gene for a replication protein preceded by a region of potential secondary structure which modulates its expression resembles that of other plasmids from Gram-positive bacteria (Novick, 1989) .
The pSRl Rep polypeptide sequence shows significant similarity with an ORF from the erythromycin resistance plasmid pNG2 of C. diphtheriae, which we designate ORFx. ORFx is located within a region of pNG2 which can replicate autonomously in Corynebacterium, Mycobacterium and E. coli (Messerotti et a!., 1990 ). Comparison between the DNA sequence of the pSRl rep gene and pNG2 ORFx, identified many phenotypically silent base changes indicative of genetic selection for the encoded protein during evolutionary divergence. This implies that pSRl rep and pNG2 ORFxlrep are members of a conserved family of coryneform replication genes. The close similarity of protein sequence in the aminoterminal parts of both pSRl and pNG2 protein sequences argues that translation initiation may occur at the first initiator codons in each reading frame. The localization of the pCG100 oriV to the region between the SphI and Hind111 sites (Trautwetter & Blanco, 1991) which coincides with 3' terminus of the pSRl rep gene suggests that different DNA sequence requirements imposed by distinct oriV sites may explain the divergence of the pSRl and pNG2 Rep protein sequences in the carboxy-terminal part of the polypeptides.
The relationship between the Rep proteins of pSRl and pNG2 suggests that there has been genetic exchange between soil-dwelling C. glutamicum and C. diphtheriae indigenous to the human respiratory tract. Plasmid pNG2 is itself closely related to plasmids from coryneform strains isolated from cutaneous lesions. Acquisition of the antibiotic resistance gene may have arisen recently as a response to clinical use of erythromycin to combat cutaneous diphtheria (Schiller et al., 1983) and is evidence of genetic exchange between environmentally separated Corynebacteriaceae. The ability of pNG2 and pSR1 to replicate in a wide range of bacterial hosts suggests that pSR1-like replicons may not be limited to the Corynebacteriaceae but may be present in many related genera in a variety of habitats.
